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METHOD FACTORS FOR ANEMOMETER MEASUREMENT 
AT PIPE OUTLETS 

By F. Garcia1 and J. Cervik* 

ABSTRACT 

Gob holes are routinely used by the mining industry to vent methane 
from gobs and to prevent it from entering the mine ventilation system. 
In some cases, flows from gob holes are measured by centering an anemom- 
eter on the end of a discharge pipe. These measurements are erroneous 
and tend to be high by as much as 30 pct. The Bureau of Mines deter- 
mined method factors (correction factors) for anemometer measurements 
taken in this manner. 
Method factors for 4-, 6-, and 8-in (10.2-, 15.2-, and 20.3-cm) ID 

pipe are 0.68, 0.71, and 0.78, respectively. Comparisons between hor- 
izontal and vertical flows indicated no significant change in method 
factors. Consequently, the method factors for horizontal pipe flows can 
be applied to vertical upward flows. 

'Mining engineer. 
2~upervisory geophysicist. 
Pittsburgh Research Center, Bureau of Mines, Pittsburgh, PA. 



INTRODUCTION 

V e r t i c a l  gob h o l e s  a r e  r o u t i n e l y  used  
t o  c o n t r o l  methane i n  gobs .  I n  most  
c a s e s ,  vane  anemometers a r e  used  t o  mea- 
s u r e  t h e  v e l o c i t y  of  g a s  f l o w i n g  f rom t h e  
g o b  h o l e s  and s u b s e q u e n t l y  t o  c a l c u l a t e  
t h e  volume f l o w  o f  g a s .  G e n e r a l l y ,  t h e  
anemometer i s  c e n t e r e d  on  t h e  end of  t h e  
p i p e  d u r i n g  t h e  measurement.  I f  t h e  
c r o s s  s e c t i o n  of  t h e  anemometer i s  appre-  
c i a b l y  l a r g e r  t h a n  o n e - s i x t h  of  t h e  p i p e  
d i a m e t e r ,  t h e n  e r r o n e o u s  v e l o c i t y  read-  
i n g s  o c c u r ,  owing t o  t h e  b l o c k i n g  e f f e c t  
of  t h e  i n s t r u m e n t  

The p i t o t  t u b e  i s r e g a r d e d  a s  t h e  fund- 
a m e n t a l  s t a n d a r d  f o r  d e t e r m i n i n g  ve loc -  

F i g u r e  1  shows a  t y p i c a l  c a l i b r a t i o n  
c u r v e  whose e q u a t i o n  i s  of t h e  form 

V T  = A + BV,, ( 1 )  

where A = i n t e r c e p t  ( 3 5 ) ,  

and B  = l i n e  s l o p e  o r  V T  t o  V ,  r a t i o  
(0 .95 ) .  

Thus,  t h e  e q u a t i o n  f o r  t h e  a i r  c a l i b r a -  
t i o n  c u r v e  i s  

V T  = 35 + 0.95 V,. ( 2 )  

i t i e s  i n  d u c t s  o r  p i p i n g .  G e n e r a l l y ,  The c a l i b r a t i o n  c u r v e  d o e s  change when 
p o i n t  t r a v e r s e  measurements must  be  made t h e  anemometer i s  used  where t h e r e  a r e  
t o  a c c u r a t e l y  d e t e r m i n e  t h e  a v e r a g e  ve- l a r g e  d e n s i t y  changes ,  s u c h  a s  i n  a  p u r e  
l o c i t y  and s u b s e q u e n t l y  t h e  g a s  f l o w  methane g a s  s t ream.  The c u r v e ' s  s l o p e  
t h r o u g h  a  p ipe .  These  measurements a r e  (0.95) r ema ins  t h e  same; however, t h e  
t i m e  consuming and v e r y  s e n s i t i v e  t o  g a s  i n t e r c e p t  (A) changes  t o  
d e n s i t y  c h a n g e s ,  which f o r  a  gob h o l e  c a n  
v a r y  from 0.042 l b / f t 3  (0.673 kg/m3) when A = ( d , / d g ) 1 / 2  ( 3 )  
f l o w  is  p u r e  methane t o  0.075 l b / f t 3  
(1.202 kg/m3) when f low i s  a l l  a i r .  I n  where d, = a i r  d e n s i t y  a t  which t h e  
a d d i t i o n ,  t h e  a c c u r a c y  of t h e  p i t o t  t u b e  c a l i b r a t i o n  was made (0.075 
i s  l i m i t e d  a t  v e l o c i t i e s  below 1 ,000 l b / f t 3  [1.202 kg/m3]) ,  
f t / m i n  (5.08 m/s)  f o r  a i r  and 2,000 
f t / m i n  (10.16 m/s) f o r  methane b e c a u s e  and d g  = d e n s i t y  of  methane (0.042 l b /  
t h e  manometer i s  n o t  p r e c i s e  enough t o  f t 3  [0.673 kg/m3]) .  
a c c u r a t e l y  measure t h e  s m a l l  v e l o c i t y  
p r e s s u r e s  ( 2 ) .  - 

The 4-in (10.2-cm) diam vane  anemometer 
6 0 0  

i s  a n  i n s t r u m e n t  commonly used  by t h e  
1 I I I I 
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min ing  i n d u s t r y .  It is  p r a c t i c a l l y  i n -  
dependen t  of d i m i n u t i v e  a i r  d e n s i t y  
changes  e n c o u n t e r e d  i n  mines and i s  f u r -  
n i s h e d  by t h e  m a n u f a c t u r e r  w i t h  a  c a l i -  
b r a t i o n  t o  e l i m i n a t e  s m a l l  d i f f e r e n c e s  
be tween i n d i v i d u a l  anemometers,  whose 
r e a d i n g s  u s u a l l y  l i e  w i t h i n  10 p c t  of  t h e  
t r u e  v e l o c i t y  (3). These  c a l i b r a t i o n s  
a r e  u s u a l l y  i n  t h e  form of t a b l e s  of  
plus-or-minus c o r r e c t i o n s  t o  be made t o  
t h e  o b s e r v e d  v e l o c i t i e s .  The a p p l i c a t i o n  
o f  t h e s e  c o r r e c t i o n s  c a n  be s i m p l i f i e d  by 
p l o t t i n g  t h e  t r u e  a i r  v e l o c i t y  ( V T )  
a g a i n s t  t h e  r e g i s t e r e d  a i r  v e l o c i t y  (V,) ,  
which approx ima tes  a  s t r a i g h t  l i n e .  

loob/ --- - Calibration KEY curve for air 
Calibration curve in methane 

1 I I I I I 1 
----- - 0 100 2 0 0  3 0 0  400 5 0 0  6 0 0  

3 ~ n d e r l i n e d  numbers  i n  p a r e n t h e s e s  re- REG1 STERED VELOCITY, f t /min 
f e r  t o  i t e m s  i n  t h e  l i s t  o f  r e f e r e n c e s  a t  
t h e  e n d  o f  t h i s  r e p o r t .  FIGURE 1 .-Typical vane anemometer calibration curve. 



Thus,  t h e  c a l i b r a t i o n  curve  f o r  a  pure  
methane g a s  s t r e a m  becomes 

V T  = 47 + 0.95 V,. ( 4 )  

F i g u r e  1  ( d o t t e d  curve)  shows t h e  methane 
c a l i b r a t i o n  curve  f o r  t h i s  p a r t i c u l a r  
anemometer. The d i f f e r e n c e  between t h e  
two c u r v e s  i n  t h i s  example is  12 f t / m i n  
(0.06 m/s ) ,  which i s  n e g l i g i b l e  where 
r e g i s t e r e d  v e l o c i t i e s  a r e  g r e a t e r  t h a n  
1 ,000 f t / m i n  (5.08 m/s). For r e g i s t e r e d  
v e l o c i t i e s  below 1,000 f t / m i n  (5.08 m/s ) ,  
t h e  a p p r o p r i a t e  c a l i b r a t i o n  curve  shou ld  
be  used.  Where t h e  g a s  f low i s  a  mix ture  
of methane and a i r ,  t h e  c o r r e c t e d  veloc-  
i t y  c a n  be o b t a i n e d  by c a l c u l a t i n g  a  new 
i n t e r c e p t  t h a t  l i e s  somewhere between t h e  
two curves .  The s l o p e  remains  t h e  same. 

The vane anemometer i s  normal ly  used t o  
make measurements i n  mine a i r w a y s ,  where 
c r o s s - s e c t i o n a l  a r e a s  a r e  much l a r g e r  
t h a n  t h e  c r o s s - s e c t i o n  o f  t h e  anemometer. 
Thus,  t h e  anemometer c a u s e s  no a p p r e c i -  
a b l e  o b s t r u c t i o n  t o  a i r f l o w .  A s imple  
and f a s t  method used t o  de te rmine  t h e  
a v e r a g e  v e l o c i t y  i n  a  mine a i rway  i s  t o  
t a k e  a  one-point  measurement a t  t h e  cen- 
t e r  of t h e  a i rway.  The anemometer shou ld  
be mounted on t h e  end of a  s h o r t  s h a f t  
w i t h  t h e  s t a r t i n g  and s t o p p i n g  done re -  
motely  t o  reduce  measurement e r r o r s  due 
t o  o b s t r u c t i o n s  such  a s  t h e  o p e r a t o r ' s  
body. I f  t h e  a i rway i s  s t r a i g h t ,  c l e a r  
o f  o b s t r u c t i o n ,  and h a s  a  uniform c r o s s -  
s e c t i o n a l  a r e a ,  f a i r  r e s u l t s  a r e  o b t a i n e d  
a f t e r  t h e  c e n t e r l i n e  measurement i s  mul- 
t i p l i e d  by a  "method f a c t o r . "  A method 
f a c t o r  becomes necessa ry  because  t h e  ve- 
l o c i t y  p r o f i l e  i n  t h e  a i rway i s  h i g h e s t  
a t  t h e  c e n t e r  and d e c r e a s e s  towards t h e  
r i b ,  r o o f ,  and f l o o r .  M u l t i p l y i n g  t h e  
c e n t e r l i n e  s t i c k h e l d  measurement by 0.85 
(method f a c t o r )  c o r r e c t s  i t  t o  t h e  t r u e  
a v e r a g e  a i r  v e l o c i t y  i n  t h e  a i rway ( 4 ) .  

Very of t e n ,  mine c o n d i t i o n s  p r e v e n t  
one-point  measurements from prov id ing  

accuracy .  Consequent ly ,  approximate  con- 
t i n u o u s  t r a v e r s e s ,  made by moving t h e  
anemometer s lowly th rough  a  p l a n e  a t  
r i g h t  a n g l e s  t o  t h e  a x i s  of t h e  a i r w a y ,  
a r e  recommended. A popula r  method i s  t o  
d i v i d e  t h e  a i rway i n  h a l f  and t r a v e r s e  
each  h a l f  s e p a r a t e l y  over  a  g i v e n  t ime 
i n t e r v a l .  With a  l i t t l e  p r a c t i c e ,  t h i s  
method can  y i e l d  r e s u l t s  w i t h i n  5  p c t  of 
t h e  t r u e  average  v e l o c i t y  ( 3 ) .  

The N a t i o n a l  Coal Board o f  t h e  Uni ted 
Kingdom developed method f a c t o r s  f o r  cor-  
r e c t i n g  c e n t e r l i n e  4-in (10.2-cm) vane 
anemometer measurements t a k e n  a t  t h e  d i s -  
charge  end of p i p e s  rang ing  i n  d i a m e t e r  
from 12 t o  30 i n  (30.5 t o  76.2 cm) ( 5 ) .  
The ins t rument  was o p e r a t e d  a t  t h e  e n d o f  
a  rod t h a t  was h e l d  a g a i n s t  t h e  d u c t  f o r  
suppor t .  It was s t a r t e d  and s topped  r e -  
motely t o  reduce e r r o r s  caused by t h e  op- 
e r a t o r ' s  hand. C e n t e r l i n e  measurements 
were employed because  of t h e  d i f f i c u l t i e s  
encountered i n  m a i n t a i n i n g  t h e  a l i g n m e n t ,  
p o s i t i o n ,  o r  c o u r s e  of t h e  anemometer 
when t r a v e r s i n g  methods were a t t empted .  
The anemometer measurements were compared 
s imul taneous ly  t o  upst ream p i t o t - t u b e  
p i p e  t r a v e r s e s .  A r a t i o  of t h e  t r u e  
average  v e l o c i t y  (determined from t h e  
p i t o t  t r a v e r s e )  t o  t h e  anemometer mea- 
surement (once  c o r r e c t e d  t o  i t s  c a l i b r a -  
t i o n )  was determined f o r  e a c h  d u c t  s i z e .  
Table  1  summarizes t h e s e  method f a c t o r s  
f o r  e a c h  d u c t  s i z e .  

U n f o r t u n a t e l y ,  most cased  gob h o l e s  i n  
t h e  Uni ted S t a t e s  a r e  g e n e r a l l y  s m a l l e r  
i n  d iamete r  t h a n  12 i n  (30.5 cm), and t h e  
use  of an  anemometer t o  measure t h e  ve- 
l o c i t y  of f low from t h e  end of t h e  p i p e  
y i e l d s  e r roneous  volume f lows.  The ob- 
j e c t i v e s  of t h i s  r e p o r t  a r e  t o  de te rmine  
t h e  method f a c t o r s  f o r  p i p e  s i z e s  rang ing  
from 4  t o  8  i n  (10.2 t o  20.3 cm) and t o  
i n v e s t i g a t e  t h e  e f f e c t  of wind speed on 
p ipe  v e l o c i t y  measurements by u s i n g  an  
anemometer. 

TABLE 1. - Method f a c t o r s  f o r  Biran- type anemometer a t  t h e  d i s c h a r g e  
end of 12- t o  30-in p i p e  

P i p e  diam, 
i n  

12. . . . . . - .  
1 8 . - - - . . . -  

V e l o c i t y  
range,  
f t / m i n  

500-2,500 
500-4,000 

Mean 
method 
f a c t o r  
0.84 

-85 

9  5-pc t 
conf idence  

l i m i t  
20.05 

+ -04 

P ipe  diam, 
i n  

24-.. . . . . .  
3Om....... 

V e l o c i t y  
range,  
f t / m i n  

800-4,600 
500-2,700 

Mean 
method 
f a c t o r  

0.85 
-86 

95-pct 
conf idence  

l i m i t  
5 - 0 5  

5-04 



TEST PROCEDURES 

Figure 2 shows the general test setup 
used for developing the method factors. 
A centrifugal fan was used to induce pipe 
flows that were varied over a wide range 
with a bypass valve. Venturi tubes were 
employed for determining the true pipe 
airflows and subsequently the true mean 
air velocities. The airflows were cal- 
culated from static and differential 
pressure measurements taken with a manom- 
eter across the pressure taps of the 
venturi (6). The wide range of airflows 
investigated required numerous venturi 
sizes, which were interchanged in the 
test apparatus. A thermocouple, as re- 
quired for the ASME method, was used to 
measure air temperatures at the venturi. 
The flow measurements at the venturi were 
then corrected to atmospheric conditions 
at the pipe outlet so that they could be 
compared directly with the anemometer 
readings. All anemometers employed had a 
calibration traceable to the National Bu- 
reau of Standards. Before direct compar- 
isons were made, the registered anemom- 
eter readings were first corrected by 
using the instrument calibration curve. 
The effects of air density were disgarded 
because density variations caused less 
than 1 pct error. 
The anemometers were operated for a 1- 

min period at the end of a 2-ft (61-cm) 
long by 518-in (1.6-cm) diam rod and were 
started and stopped by a simple remote 
control device (fig. 3). The rod was 
held against the pipe for support except 
on the 4-in (10.2-cm) pipe, where the 

instrument was held against the pipe 
(fig. 4). For larger pipe sizes, the 
anemometer was carefully positioned in 
the center of the airstream with the 
plane of vane rotation held normal to the 
horizontal axis of the pipe. An error 
of only 1 pct occurred when the plane of 
vane rotation was tilted as much as 20" 
(0.35 rad) from the normal (1). 
Anemometers are normally used with the 

plane of vane rotation held in the ver- 
tical plane. The instruments are also 
calibrated in this position. Studies 
have shown that no large discrepancies 
exist between measurements of horizontal 
(vane rotation in vertical plane) and 
vertical upward (vane rotation in hori- 
zontal plane) airflows in a mine (2). 
Tests were conducted to confirm those re- 
sults for pipe flows. The general test 
setup (fig. 2) was modified by adding a 
90° elbow and a vertical pipe extension 
so that method factors could be deter- 
mined for vertical upward airflows (fig. 
5) and subsequently compared with the 
method factors for horizontal flows. 
Air velocity measurements should be 

taken at least 7.5 pipe diameters (7.5 D) 
downstream from an elbow or branch entry 
that causes a nonuniform velocity profile 
in the pipe (2). Measurements taken 
closer than 7.5 D may be erroneous; how- 
ever, the 7.5 D distance may not always 
be possible so measurements taken closer 
may be necessary. Consequently, tests 
were conducted to determine the effects 
on method factors when measurements at 

Thermocouple 

KEY 
D Pipe diameter 

SIDE VIEW END VIEW 

FIGURE 2.-General test setup. 



FIGURE 3.-Anemometer measurement at pipe outlet. 

FIGURE 4.-Anemometer measurement at 4-in pipe outlet. 



FIGURE 5.-Vertical upward flows. 

FIGURE 6.-Anemometer measurements closer than 7.5 plpe diameters from an elbow. 



FIGURE 7.-Inserted anemometer. 

t h e  end of a  p i p e  a r e  t a k e n  c l o s e r  t h a n  
7.5 D from an elbow ( f i g  6.)  o r  any o t h e r  
f a c t o r  t h a t  causes  a n  abnormal v e l o c i t y  
p r o f i l e  i n  t h e  p ipe .  

A l l  l a b o r a t o r y  t e s t s  were conducted i n  
a  q u i e s c e n t  envir3nment.  I n  p r a c t i c e ,  
f i e l d  measurements of g a s  f low from gob 
h o l e s  a r e  s u b j e c t  t o  wind v e l o c i t i e s  
t h a t  rarigt? from a  q u i e s c e n t  s t a g e  t o  15 
mi/h (24 km/h) o r  more. Wind, which 
blows a c r ~ j s s  t h e  end of t h e  p i p e ,  can 
C ~ I L S ( : '  errorleous anemometer r ead ings .  

Consequent ly ,  t e s t s  were conducted t o  
de te rmine  t h e  e f f e c t  of wind speed on 
method f a c t o r s .  A f a n  was used t o  gen- 
e r a t e  winds rang ing  from 5  t o  15  mi/h ( 8  
t o  24 km/h); p i p e  f lows ranged from 175 
t o  2,900 f t / m i n  (0.9 t o  14.7 m/s). The 
method f a c t o r s  determined under those  
c o n d i t i o n s  were then  compared w i t h  method 
f a c t o r s  determined i n  a  q u i e s c e n t  envi-  
ronment. T e s t s  were a l s o  conducted w i t h  
t h e  anemometer mounted about  6  i n  ( 1 5  cm) 
i n s i d e  t h e  p i p e  ( f i g .  7 ) .  

DATA ANALYSLS 

'rab11.l 2 shows t h a t  t h e  method f a c t o r s  
f o r  i io r i zo i i t a l  p i p e  f lows from 4-, 6-, 
and i3-in ( 1 - ,  15.2-, and 20.3-cm) 
schedu le  40 p i p e  a r e  0.68, 0.71, and 
0.78,  r e s p e c t i v e l y ,  when t h e  low-speed 
anemoneter is  ~rsed .  Each method F a c t o r  
i s  s u b j e c t  t o  a n  a n a l y s i s  of v a r i a n c e  and 
i s  shown i n  ternis of a 95-pct couFiderlce 
limit. Th is  me;llis, For example, t h a t  

t h e r e  i s  a 9 5 - p c t  c e r t a i n t y  t h a t  t h e  
t r u e  method f a c t o r  l i e s  i n  t h e  i n t e r v a l  
0.6820.07. 

F i g u r e  8  shows t h a t  t h e  method f a c t o r  
f o r  4- t o  18-in (10.2- t o  45.7-cm) p ipe  
i n c r e a s e s  w i t h  p ipe  d iamete r  and then  
remains c o n s t a n t  (0.85) f o r  l a r g e r  p ipe  
s i z e s .  Even f o r  a n  opening a s  l a r g e  a s  a  
mine e n t r y ,  t h e  method f a c t o r  i s  0.85. 



0.90 1 1 I 1 1 I t h a n  t h e  h igh - speed  anemometer ;  t h e r e -  
1 I f o r e ,  t h e  low-speed anemometer  r e g i s t e r e d  

r e a d i n g s  a r e  much h i g h e r  t h a n  t h e  h igh -  
s p e e d  anemometer  r e a d i n g s .  Consequen t  l y ,  
t h e  r e g i s t e r e d  r e a d i n g s  f o r  a  low-speed 
anemometer  must  be m u l t i p l i e d  by a  
s m a l l e r  method f a c t o r  t o  o b t a i n  t h e  t r u e  
a v e r a g e  v e l o c i t y .  I n  e x p e r i m e n t s  i n v o l v -  
i n g  i n l e t  f l o w s  i n t o  12- t o  24-in (30 .5-  
t o  61.0-cm) t u b i n g ,  no  s u b s t a n t i a l  d i f -  
f e r e n c e s  i n  method f a c t o r s  were n o t e d  
be tween  h igh -  and  low-speed anemometers  

I I I I I I I (1). A p p a r e n t l y ,  t h e  d i f f e r e n c e  i n  vane 
.65! 8 

12 16 20 24 28 32 c o n f i g u r a t i o n  h a s  no e f f e c t  on  t h e  method 
PIPE DIAM, in f a c t o r  f o r  t h e  l a r g e r  d i a m e t e r  d u c t s .  

FIGURE 8.-Method factors for 4- to 30-in pipe. On mos t  o c c a s i o n s ,  anemometers  a r e  c a l -  
i b r a t e d  and u sed  w i t h  t h e  p l a n e  o f  vane  

A p p a r e n t l y ,  t h e  b l o c k i n g  e f f e c t  of  t h e  r o t a t i o n  i n  t h e  v e r t i c a l .  Fo r  f l o w s  f rom 
anemometer  i s  more pronounced  on  4- t o  v e r t i c a l  s t a c k s ,  t h o u g h ,  t h e  p l a n e  of 
1 8 - i n  (10 .2-  t o  45.7-cm) p i p e .  Fo r  l a r -  vane  r o t a t i o n  i s  h o r i z o n t a l  when v e l o c i t y  
g e r  o p e n i n g s ,  t h e  r e l a t i v e  s i z e  of  t h e  measurements  a r e  made. T a b l e  3  shows a  
anemometer  i s  s m a l l  i n  compa r i son ,  and  d i f f e r e n c e  of  0 .02 be tween  method f a c t o r  
t h e  anemometer  m e a s u r e s  t h e  c e n t e r l i n e  f o r  h o r i z o n t a l  and  v e r t i c a l  f l o w  f rom 4- 
v e l o c i t y ,  wh ich  i s  g e n e r a l l y  15 p c t  i n  (10.2-cm) p i p e .  However,  a  s t a t i s t i -  
g r e a t e r  t h a n  t h e  a v e r a g e  v e l o c i t y .  c a l  a n a l y s i s  compar ing  t h e  two method 

A h igh - speed  anemometer  ( 200  t o  10 ,000  f a c t o r s  showed t h a t  t h i s  d i f f e r e n c e  o f  
f t / m i n  [ l  t o  50.8 m / s ] )  g e n e r a l l y  h a s  0 .02  i s  n o t  s i g n i f i c a n t  a t  t h e  95-pc t  
f o u r  v a n e s ,  w h e r e a s  a  low-speed anemom- p r o b a b i l i t y  l i m i t .  
e t e r  (30  t o  5 , 000  f t / m i n  [0 .15  t o  25.4 
m / s ] )  g e n e r a l l y  h a s  e i g h t  v a n e s .  A TABLE 2. - Method f a c t o r s  f o r  c en -  
b l o c k i n g  e f f e c t  i s  c r e a t e d  when u s i n g  a n  t e r l i n e  R i r a n - t y p e  anemometer  
anemometer  t o  measu re  f l o w s  i n  s m a l l  d i -  ( low-speed)  measurement  t a k e n  a t  
a m e t e r  p i p e s ,  wh ich  c a u s e s  t h e  r e g i s t e r e d  h o r i z o n t a l  p i p e  o u t l e t s  
v e l o c i t i e s  t o  be e r r o n e o u s l y  h i g h .  T a b l e  
3  shows t h a t  t h e  method f a c t o r  f o r  a  4 - in  
(1.6-cm) p i p e  i s  0.78 when a  h igh - speed  
anemometer  i s  u s e d  and  0 .68  when a  low- 
s p e e d  anemometer  i s  used .  Appa ren t  l y ,  
t h e  l a r g e r  number of v a n e s  c a u s e s  t h e  
low-speed anemometer  t o  p r e s e n t  a  g r e a t e r  
b l o c k i n g  e f f e c t  o r  r e s t r i c t i o n  t o  f l o w  

P i p e  d i am,  
i n  

TABLE 3. - Method f a c t o r s  f o r  4 - i n  p i p e  

V e l o c i t y  
r a n g e ,  

Mean 
met hod c o n f i d e n c e  

l i m i t  -- 
50.07 

t . 0 6  
k.05 

High-speed ............. 
Low-speed: 

H o r i z o n t a l  flow.. . . . . .  
V e r t i c a l  f low. . . . . . . . .  

-- 
V e l o c i t y  

r a n g e ,  
f  t / m i n  

4 ,000-10 ,000  

100- 5 , 000  
100- 5 , 0 0 0  

Mean 
method 
f a c t o r  

0 .78 

.68 

.70 

--- 
95-pc t  

c o n f i d e n c e  
l i m i t  ---- 
+0.03 

+.07 
k.08 



T a b l e  4 shows t h a t  anemometer measure-  
m e n t s  c a n  be t a k e n  c l o s e r  t h a n  7.5 p i p e  
d i a m e t e r s  (7 .5  D )  f rom a n  elbow o r  any  
o t h e r  f a c t o r  t h a t  c a u s e s  a nonuni form 
v e l o c i t y  p r o f i l e  i n  a p ipe .  For  4-in 
p i p e ,  v e l o c i t y  measurements  a s  c l o s e  a s  1 
D f rom t h e  d i s t u r b a n c e  d i f f e r  from t h o s e  
made a t  7.5 D by o n l y  a b o u t  2 p c t .  
Fo r  6- and  8- in  (15.2- and  20.3-cm) p i p e ,  
measurements  s h o u l d  n o t  be made c l o s e r  
t h a n  3 and 5 D ,  r e s p e c t i v e l y .  

T a b l e  5 shows t h a t  wind speed  d o e s  a f -  
f e c t  measurements  of f l o w  from t h e  end of  
a p i p e .  I n  g e n e r a l ,  tests on a n  8 - in  
(20.3-cm) p i p e  show t h a t  t h e  measured 
v e l o c i t y  t e n d s  t o  be l e s s  when a 15 mi /h  
(24  km/h) wind blows a c r o s s  t h e  p i p e  com- 
p a r e d  w i t h  v e l o c i t y  measurements  i n  a 
q u i e s c e n t  envi ronment .  A s  t h e  v e l o c i t y  
o f  p i p e  f low i n c r e a s e s ,  t h e  e f f e c t  
o f  wind on measurement of  v e l o c i t y  

TABLE 4. - E f f e c t s  of  a n  e lbow on 
downstream v e l o c i t y  measurements  

1 I 4-in PIPE 

V e l o c i t y  
a t  7.5 D ,  

D i f f e r e n c e ,  p c t  

8 - in  PIPE 

1 ,000. .  ............ 
1,500.............. 
2,000.............. 4 
D = P i p e  d i a m e t e r .  

1- 1 D  ( 3 D  1 5 D  

500.............. 2 
1,000.. . . . . . . . . . . . .  2 
1,500.............. 2 3 
2 ,000. .  ............ 2 3 
2,500.............. 1 3 

d i m i n i s h e s .  The e f f e c t s  of wind c a n  be 
e l i m i n a t e d  by mounting t h e  anemometer i n -  
s i d e  t h e  p i p e  ( f i g .  7 ) .  T a b l e  6 shows 
t h a t  e x c e p t  f o r  v e r y  low v e l o c i t i e s  [ I 0 0  
f t / m i n  (0.51 m / s ) ] ,  wind h a s  a n e g l i g i b l e  
e f f e c t  on v e l o c i t y  measurements  when t h e  
anemometer i s  mounted i n s i d e  t h e  p i p e  a 
s h o r t  d i s t a n c e .  

500.............. 
1,000.............. 
1,500.............. 
2 ,000. .  ............ 

TABLE 5. - E f f e c t s  of a 15-mi/h wind 
speed  on f l o w  measurements  a t  p i p e  
o u t l e t  

Anemometer measurement,  1 

6- in  PIPE 
4 
4 
7 
7 

TABLE 6. - E f f e c t s  of a 15-mi/h wind 
speed  on a n  anemometer mounted 
i n s i d e  t h e  p i p e  

Anemometer measurement,  I 

Change, p c t  

0 
13 
14 

7 
7 
8 
6 
4 
6 
2 
3 
1 

( f t l m i n ) ,  a t  wind speed  of-- 

1 
2 
2 
2 

( f t l m i n ) ,  a t  wind 
0 mi /h  1 15 

0 mi/h  
180 
240 
360 
560 
7 50 

1 ,000  
1 ,280  
1 ,490 
1 ,750 
1 ,950 
2 ,260 
2 ,900 

1 
1 
0 
0 

15 mi /h  
180 
2 10 
310 
520 
700 
920 

1 ,200 
1 ,430 
1 ,650 
1 ,910 
2 ,180 
2 ,860  



SUMMARY AND CONCLUSIONS 

Method f a c t o r s  f o r  4-, 6-,  a n d  $ - in  
(10.2- ,  15.2-, and  20.3-cm) p i p e  a r e  
0 . 6 8 ,  0 . 7 1 ,  a n d  0 .78  r e s p e c t i v e l y ,  when 
t h e  f l o w  v e l o c i t y  a t  t h e  d i s c h a r g e  e n d  
r a n g e s  f r o m  30 t o  5 , 0 0 0  f t / m i n  ( 0 . 1 5  t o  
25.4  m / s ) .  T h e  method  f a c t o r s  f o r  l a r g e r  
p i p e  s i z e s  a p p r o a c h  0 . 8 5 ,  w h i c h  i s  a l s o  
t h e  v a l u e  o f  t h e  method f a c t o r  f o r  a  mine  
e n t r y  . 

A l t h o u g h  t h e  anemomete r  i s  c a l i b r a t e d  
a n d  u s e d  w i t h  t h e  p l a n e  o f  v a n e  r o t a t i o n  
i n  t h e  v e r t i c a l ,  n o  s i g n i f i c a n t  d i f -  
f e r e n c e  i n  method f a c t o r s  i s  o b s e r v e d  

when t h e  a n e n o m e t e r  i s  u s e d  t o  m e a s u r e  
v e r t i c a l  f l o w s  ( p l a n e  o f  v a n e  r o t a t i o n  i n  
t h e  h o r i z o n t a l ) .  

T e s t s  on  a n  $ - i n  (20.3-cm) p i p e  show 
t h a t  t h e  m e a s u r e d  v e l o c i t y  t e n d s  t o  b e  
less when a  1 5  m i / h  ( 2 4  km/h) wind  b l o w s  
a c r o s s  t h e  p i p e  compared  w i t h  v e l o c i t y  
m e a s u r e m e n t s  i n  a  q u i e s c e n t  e n v i r c n m e n t .  
Wind e f f e c t s  t e n d  t o  d i m - i n i s h  a s  p i p e  
f l o w  v e l o c i t y  i n c r e a s e s .  Wind e f f e c t s  o n  
anemomete r  m e a s u r e m e n t s  c a n  be e l i m i n a t e d  
by m o u n t i n g  t h e  anemomete r  a  s h o r t  
d i s t a n c e  i n s i d e  t h e  p i p e .  
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